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This paper investigates phonological variation in British Sign Language (BSL) signs pro-
duced with a ‘1’ hand conﬁguration in citation form. Multivariate analyses of 2084 tokens
reveals that handshape variation in these signs is constrained by linguistic factors (e.g., the
preceding and following phonological environment, grammatical category, indexicality,
lexical frequency). The only signiﬁcant social factor was region. For the subset of signs
where orientation was also investigated, only grammatical function was important (the
surrounding phonological environment and social factors were not signiﬁcant). The impli-
cations for an understanding of pointing signs in signed languages are discussed.
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In this paper, ﬁndings from the ﬁrst major study on phonological variation in British Sign Language (BSL) are presented.
Using data collected as part of the BSL Corpus Project (Schembri et al., 2011), we examine sociolinguistic variation in signs
with the ‘1’ handshape (i.e., with an extended index ﬁnger), using methodology adapted from work by Bayley et al. (2002) on
American Sign Language (ASL). In their study, Bayley et al. found that the most important factor inﬂuencing this phonological
variation was grammatical category but that a number of other factors, including features of the immediate phonological
environment and social factors (e.g., age, ethnicity, language background, and region) played a role. For the current study,
we investigate if the same factors inﬂuencing 1 handshape variation in ASL are also at work in an unrelated sign language
and whether other factors not considered by Bayley et al., such as lexical frequency or indexicality, might also be involved.
We use a variationist approach to investigate both the social and linguistic factors that may be relevant in conditioning var-
iation (e.g., Walker, 2010). Additionally, since we are particularly interested in the pointing signs in our data, we have further
examined all pronominal and locative pointing signs for variation in orientation and possible conditioning linguistic and so-
cial factors.
In the following sections of the paper, we ﬁrst provide some background about sociolinguistic variation in BSL, before dis-
cussing studies of phonological variation in sign languages generally. Next, we present a summary of previous work on 1
handshape variation in ASL, before discussing the BSL Corpus Project data and our studies into handshape and orientation
variation. Lastly, we discuss the implications of our work for an understanding of phonological variation in sign languages
and its relationship to gesture, lexical frequency and models of the sign language lexicon.. All rights reserved.
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Fig. 1. A minimal pair in BSL.
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2.1. Sociolinguistic variation and change in BSL
Research conducted into sociolinguistic variation in BSL has concentrated almost exclusively on the lexical level. For
example, it is well documented that there is considerable regional variation in the BSL lexicon, with traditional signs for col-
our terms and numerals, for example, often being speciﬁc to a region in the UK (Brien, 1992; Deuchar, 1984; Sutton-Spence
and Woll, 1999; Sutton-Spence et al., 1990). More recent research has, however, revealed that the use of traditional regional
signs for countries, numbers and colours, appears to be diminishing (Stamp et al., in press). Stamp et al. suggest that these
linguistic changes reﬂect social changes in the deaf community and in the use of communications technology, with greater
exposure to sign variants on the internet and television and deaf people generally being more mobile, both nationally and
internationally, than in the past.
To date, the largest study of sociolinguistic variation in BSL focuses on ﬁngerspelling (i.e., the use of a two-handed manual
alphabet to spell out English lexical items, a system used to enable the borrowing of words from the surrounding spoken
language) (Sutton-Spence et al., 1990). Sutton-Spence et al. used a dataset of 19,450 ﬁngerspelled items collected from
485 interviews with BSL signers on the British deaf television programme See Hear. They found age and region to be signif-
icant factors in predicting use of the two-handed manual alphabet with younger signers and signers from the south-western
region of England producing the least ﬁngerspelling.
No large-scale studies have as yet focused on variation in BSL at the phonological level. The research conducted here is
thus the ﬁrst attempt to investigate phonological variation in BSL and its possible relationship to linguistic and social factors.
2.2. Sign language phonology
William Stokoe (1960) was the ﬁrst to propose that the manual signs in sign languages could be analysed into three main
sublexical elements: handshape, location, and movement. These contrastive components may be considered analogous to
the parameters of speech production, such as voicing, place and manner of articulation. BSL signs are made from the com-
bination of a limited set of parameter values (for example, there appear to be around 35 distinctive handshapes in the lan-
guage), and minimal pairs may be distinguished on the basis of differences in these parameters (Brennan et al., 1984). For
example, the BSL signs TALK1 and WORK have the same location (i.e., they are articulated on the radial side of the non-dominant
hand in neutral space) and the same movement (i.e., a repeated tapping movement) but differ in handshape (i.e., TALK is pro-
duced with the 1 handshape whilst WORK is produced with the B handshape) as shown in Fig. 1 below.
Although there is debate about the relationship between these three parameters and additional formational elements
(such as the orientation of the hands, see Sandler and Lillo-Martin, 2006) and about the nature of minimal pairs in sign lan-
guages (Liddell and Johnson, 1989), evidence for the sublexical compositionality of signs is well-established. This includes
notions of well-formedness of signs shared by native signers and documented in dictionaries (e.g., Brien, 1992 for BSL),
the relevance of these parameters for sign language processing (e.g., Orfanidou et al., 2010), and stages of phonological
development in sign language acquisition (e.g., Mann et al., 2010). Since the 1970s, phonologists have also begun to propose
models in which the parameters of handshape, location and movement can be represented as bundles of distinctive features
(e.g., Brentari, 1998; Crasborn, 2001; Sandler, 1989). Handshapes, for example, can be analysed as in terms of the behaviour1 As is conventional in the sign linguistics literature, glosses for lexical signs are given in small caps (e.g., GIVE). For signs requiring more than one English
word, a hyphen is used (e.g., NEXT-YEAR). All the lexical signs in this study were assigned an ID-gloss – i.e., a unique label used to identify a speciﬁc lexeme and all
its phonological and morphological variants (see Section 4.1.4 for more information about ID glossing). All the glosses used throughout this paper represent ID
glosses where possible (i.e., except when discussing other studies where this approach to identifying lexical signs was not used). Pointing signs are glossed
using a preﬁx (PT) followed by a colon and information about its function. For example, PT:PRO1, PT:PRO2, PT:PRO3 all indicate a pointing sign that functions as a ﬁrst,
second, or third person singular pronoun respectively. Additional glosses used with pointing signs include PT:DET, for points functioning as determiners, and
PT:LOC for locative points. If a pointing sign is identiﬁed as a plural point, a -PL sufﬁx is appended to the gloss (e.g., PT:PRO3PL).
Table 1
Distribution of participants according to six social categories.
Site Gender Age Language background Social class Ethnicity
F M 16–50 51+ Deaf Hearing Working Middle White Other
Belfast (n = 30) 17 13 14 16 7 23 26 4 30 -
Birmingham (n = 30) 13 17 18 12 12 18 16 14 27 3
Bristol (n = 32) 17 15 15 17 17 15 16 16 30 2
Cardiff (n = 29) 17 12 14 15 5 24 21 8 27 2
Glasgow (n = 30) 15 15 16 14 6 24 17 13 27 3
London (n = 30) 15 15 16 14 12 18 11 19 25 5
Manchester (n = 30) 16 14 14 16 9 21 23 7 27 3
Total 109 102 107 104 68 143 130 81 193 18
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the ﬁngers: which of the ﬁngers are selected (i.e., actively involved in the articulation of a sign or not) and whether they are
spread apart or together, bent at speciﬁc joints or fully extended.
2.3. Overview of phonological variation and change in signed languages
Although there have been a number of studies on phonological variation in signed languages, many of these studies are
small both in number and scale when compared to studies on phonological variation in spoken languages. Furthermore,
since the ﬁrst study published by Battison (1974), work on phonological variation has focused almost exclusively on ASL.
It is only recently that studies on phonological variation in other sign languages have begun to be undertaken, including
work on Australian Sign Language (Auslan) and New Zealand Sign Language (NZSL) (Schembri et al., 2009). Together, these
studies begin to provide us with a cross-linguistic perspective on phonological variation in sign languages.
Previous investigations have underlined the inﬂuence of linguistic and social factors in sign language phonological var-
iation. For example, Battison (1974) collected data on the deletion of the subordinate hand in two-handed signs (known
as ‘weak drop’ see Brentari, 1998) and found that this process was more common in symmetrical than asymmetrical two-
handed signs. Bayley et al. (2002) describe several studies (dating back to the 1970s) examining phonological variation in
ASL such as Woodward et al.’s (1976) investigation into the variable use of ASL signs that have related forms produced
on the face or on the hands. Drawing on questionnaire data from 45 participants, these researchers found evidence of var-
iation due to ethnicity, with black signers much more likely to use the hand rather than face variants. Their data also sug-
gested regional differences, with signers in New Orleans producing fewer variants on the hands than those in Atlanta.
Another study by Woodward and DeSantis (1977) found ethnic variation in two-handed versus one-handed forms of some
ASL signs, with white signers using signiﬁcantly more of the one-handed variants of these signs. They also found that signers
from the southern states of the US used more two-handed variants than non-southerners, and that older signers used more
than younger signers.
Later, accounts of phonological variation in signed languages emphasised the key role that the immediate phonological
environment plays in this variation with respect to all three major parameters (e.g., Liddell and Johnson, 1989; Johnston,
1989). That is, phonological features of a given sign, such as handshape and location, are likely to assimilate to the features
of neighbouring signs, causing variation away from the citation form (i.e., the form which is produced in isolation and listed
in dictionaries). Although the importance of the immediate phonological environment for phonological variation has been
given empirical weight in recent analyses using large corpora which have focussed on 1 handshape variation (e.g., Bayley
et al., 2000, 2002) and variation in signs produced at the forehead location (e.g., Lucas et al., 2002; Schembri et al., 2009),
these studies demonstrate that other factors in addition to the phonological environment may be at work in conditioning
variation. For example, depending on the target variable, some grammatical categories of signs (e.g., pronouns or verbs)
can be expected to vary more compared to others. Schembri et al. (2009), in applying the work of Lucas et al. (2002) to Auslan
and NZSL data, initially found grammatical category to be the most important factor but discovered an interaction between
location variation and lexical frequency. Highly frequent verbs were found to occur signiﬁcantly more frequently in lowered
form (i.e., at locations lower than the forehead) than all other sign types (e.g., high frequency nouns and adjectives and low
frequency nouns, adjectives and verbs). This observation about the relationship between lexical frequency and phonological
variation runs parallel with ﬁndings in spoken languages (Bybee, 2002; Philips, 1984).
In addition to linguistic factors, the studies mentioned above have demonstrated that social factors have an important
role in phonological variation in signed languages. Social factors found to be relevant include region, age, gender, language
background (i.e., whether a participant was raised in a deaf signing family or not), ethnicity, and social class. These social
factors and the extent to which they inﬂuence phonological variation, however, appear to vary across sign languages. For
example, region and gender were found to be important factors in location variation for the Auslan and NZSL location stud-
ies. Age, however, was only a signiﬁcant factor in Auslan, and language background and ethnicity were found to be signif-
icant in NZSL only. Furthermore, although the NZSL and ASL studies of location variation both found language background
and ethnicity were important, their results indicated different effects in each community (e.g., native signers used signiﬁ-
cantly more citation forms in ASL while native signers tended to use more variant forms in NZSL).
Table 2
Handshape categories representing possible phonological variants of the 1 handshape.a
Handshape variant: Definition:
c Citation form: –thumb, -fingers, -bent, +index (1)
X –thumb, –fingers, +bent, +index (X)
6 +thumb, –fingers, +bent, –index (6)
& +thumb, –fingers, +bent, +index (&)
L +thumb, –fingers, –bent, +index (G, L) 
4 –thumb, +fingers, +/–bent, +index (4, 4”, H) 
5 +thumb, +fingers, +/–bent, +index (B, 5, 9, 8, 7, ILY, 3, bO)
o Some other handshape
a The handshape images shown in this paper are from the Hamburg Notation System (Prillwitz et al., 1989).
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char (1981) claimed that the deletion of the non-dominant hand in symmetrical two-handed signs, such as GIVE and HOSPITAL,
was frequent, as also noted in ASL (Battison, 1974). Deuchar argued that this weak drop in asymmetrical two-handed signs
appeared most likely in signs where the handshape on the non-dominant hand was a relatively unmarked conﬁguration,
such as the B handshape (see illustration of this handshape in Table 2). Thus, variants without the non-dominant hand
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see Table 2 for illustration). In a small pilot study, Deuchar also found that discourse factors underlie the frequency of this
phenomenon with informal varieties producing more tokens of weak drop than formal varieties. Deuchar (1984) later sug-
gested that this weak drop variation may also reﬂect language change in progress, based on Woll’s (1981) claim that certain
signs (e.g., AGAIN) which appear to be now primarily one-handed in modern BSL were formerly two-handed. Furthermore,
Deuchar (1984) notes that progressive and regressive assimilation of handshape is possible in BSL and suggests that there
may be underlying grammatical constraints at work. However, a thorough analysis of how such phonological processes work
in BSL has yet to be undertaken.
Despite considerable work on the theoretical aspects of phonology in the ﬁeld of sign language linguistics (e.g., Brentari,
1998; Crasborn, 2001; Sandler and Lillo-Martin, 2006), there remain relatively few studies examining sociolinguistic varia-
tion at the phonological level in signed languages. A thorough cross-linguistic perspective on sociolinguistic variation and
change in phonology is needed, however, so that we can build a better understanding of what kind of internal and external
factors constrain phonological variation in signed languages, and how these factors compare to those found in spoken
languages.
2.4. Variation in the 1 handshape
In an inﬂuential paper on ASL phonology, Liddell and Johnson (1989:250) made a speciﬁc claim about signs with the 1
handshape. They observed that the hand conﬁguration of the ﬁrst person pronominal sign in ASL (which they referred to
as ME; the form of this sign is identical to PT:PRO1 that we report here for BSL) ‘typically assimilates to that of a contiguous
predicate in the same clause’. They went on to claim that ‘the extent to which signs other than ME assimilate to the hand
conﬁguration of another sign, although not yet thoroughly investigated, appears to be considerably more limited.’
This claim was investigated for the ﬁrst time by a large-scale study examining variation in the 1 handshape in ASL con-
ducted by Bayley et al. (2002). They collected 5356 sign tokens from 207 signers engaging in spontaneous conversation
(ﬁlmed in groups or in pairs). Their pool of participants consisted of native or near native signers (those who had learnt to
sign before the age of 6) in a quota samplemixed for gender, age, language background, ethnicity and social class and recruited
from seven sites around the United States: Staunton, Virginia; Frederick, Maryland; Boston, Massachusetts; Olathe, Kansas;
New Orleans, Louisiana; Fremont, California; and Bellingham, Washington. An analysis of 5195 tokens, excluding the
thumb-only variant,2 revealed that signs that used the 1 handshape in citation form were more often realised with some other
handshape (60% of their data). This suggested that this variation was not as limited an occurrence as previously claimed by Lid-
dell and Johnson (1989), although the ﬁrst person pronoun did indeed account for a considerable proportion of this variation.
Despite this large amount of variation, almost all of the variant tokens could be grouped into just twomain handshape categories:
the L handshape (30%), and the 5 handshape (25%). The remaining 5% of their data was divided between two other variants: those
with the 4 handshape and the X handshape (see Table 2 for illustrations of these handshapes). Each token was analysed for a
number of linguistic and social factors. Results indicated that grammatical category was the most important factor conditioning
variation in the 1 handshape in ASL. Speciﬁcally, nouns, adjectives, verbs, adverbs, wh-signs, and third person pronouns (singular
and plural forms of all pronouns were not distinguished in the analysis) appeared signiﬁcantly more frequently in citation form.
Conversely, ﬁrst and second person pronouns tended to appearmore often in non-citation form (i.e., using some handshape other
than the 1 handshape). This ﬁnding led Bayley et al. to conclude that there is a systematic correspondence between indexicality
and the degree of variation observed in handshape. Speciﬁcally, Bayley et al. argued that ﬁrst person pronouns, the category that
was found to varymost over others, is also the category considered to be themost indexic (both singular and plural forms involve
points towards the chest of the signer). This is followed by second person pronouns, the next category found to vary the most,
which they analysed as less indexic than ﬁrst person pronouns but more so than third person pronouns (typically, the singular
and plural forms both involve a point towards the signer’s conversational partner(s)). In contrast, third person pronouns, signiﬁed
by a point that indicates a non-addressed referent or group of referents (whether physically present or not), Bayley et al. propose,
are the least indexic of the three and tend to favour citation form in the ASL data. Finally, Bayley et al. note that in non-indexical
grammatical and content signs, the handshape has more semantic relevance and therefore is likely to retain its citation form.
Additionally, whilst all categories of non-pronominal signs were observed to vary in handshape, they were less likely to show
the same degree of handshape assimilation as pronouns (i.e., there was assimilation in fewer of the distinctive features in the
handshape of signs in these other categories) since doing so may have a relatively greater effect on its perceived meaning
(i.e., the sign may be interpreted as a different sign by the conversational partner).
Bayley et al. (2002) also found features of the immediate phonological environment to have a signiﬁcant effect on 1 hand-
shape variation. In many tokens, handshape features of the target sign appeared to show assimilation to features of the signs
before and after the target sign. That is, if the handshape before was articulated with an extended thumb (i.e., open and ex-
tended to the side of the hand), it was likely to observe a variant with an extended thumb in the target sign. Conversely, if the
handshape before was articulated with an opposed thumb (i.e., a thumb held across the ﬁngers), it was more likely to2 Bayley et al. (2002) observed that the thumb-only variant of a pronominal pointing sign could be inﬂuenced by the physical location of its (second or third
person) referent. As they ﬁlmed people in groups, a point (using the 1 handshape) to a referent situated to the signer’s immediate ipsilateral side (to the right
for right-handed signers) may be physically uncomfortable and the thumb-only variant might be produced instead. 161 tokens were excluded from their
analysis for this reason (5356 tokens originally).
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the citation form of the target sign shares with adjacent signs and the likelihood that it will retain its citation form. An anal-
ysis of this ﬁnding alongside grammatical category suggests that the two categories are working in tandem. That is, when
more features are shared with the target sign as a noun it is more likely to keep its citation form than when it is a ﬁrst person
pronoun.
In addition to linguistic factors, Bayley et al. found a range of social factors to be signiﬁcant factors conditioning variation
in the 1 handshape in ASL: region, age, language background, social class and ethnicity. The remaining social factor in their
analysis, gender, was not found to be signiﬁcant. Results by region tended to fall into two groups. Signers from California,
Kansas/Missouri, Louisiana and Massachusetts all used signiﬁcantly more citation forms, whilst signers from Maryland, Vir-
ginia and Washington used fewer citation forms. Within this regional grouping, further interaction with the remaining sig-
niﬁcant social factors was observed. Younger signers from California, Kansas/Missouri, Louisiana and Massachusetts used
signiﬁcantly more citation forms, for example, whereas older signers did not (although this was not a strong effect). Simi-
larly, middle class signers in Maryland, Virginia andWashington used more citation forms than working class signers. In con-
trast, working class signers in California, Kansas/Missouri, Louisiana and Massachusetts produced more examples of the
citation form than middle class signers. The results for language background as a signiﬁcant factor were mixed. When a spe-
ciﬁc handshape variant was selected as the dependent variable (the 5 handshape variant in which all ﬁngers and the thumb
were extended), signers with deaf signing parents in California, Kansas/Missouri, Louisiana, and Massachusetts were found
to use signiﬁcantly fewer tokens of this variant, whilst signers with hearing parents in the same areas used more. Language
background was not found to be signiﬁcant in analysis restricted to Maryland, Virginia and Washington alone. Finally, eth-
nicity was found to be a signiﬁcant factor inﬂuencing variation in the 1 handshape: black Americans used signiﬁcantly more
examples of the citation form compared to white Americans. However, the authors conclude that this result is a reﬂection of
regional differences in preference for citation form rather than ethnicity itself. That is, the number of African Americans in
areas that tended not to use citation forms (e.g., Maryland, Virginia and Washington) was so low that a meaningful analysis
based on ethnicity could not be achieved.
Although sign language phonologists had observed these patterns previously (e.g., Corina, 1990; Liddell and Johnson,
1989; Sandler, 1999), Bayley et al. (2002) was the ﬁrst study to provide empirical evidence from a large naturalistic dataset
for handshape assimilation effects in any signed language. Furthermore, it was one of the ﬁrst to show that grammatical
function appeared to be a signiﬁcant factor conditioning the frequency of variant forms. The work of Bayley et al., however,
did not include any investigation into the possible effect of individual lexical items on the data. For example, although the
results for speciﬁc person forms for pronouns are presented, singular and plural forms of the ﬁrst person pronoun are
grouped together. Guy (2007) points out that research on phonological variation in spoken languages has shown that pho-
nological variation does not affect all lexical items sharing particular phonological features in the same way (for example,
ﬁnal stop deletion in the English word and is much more frequent than other words with a word ﬁnal stop). One of the
key factors related to these lexical effects in phonological variation is lexical frequency. Bayley et al. did not investigate fre-
quency effects in their data, despite the fact that singular and plural forms of the ﬁrst person pronoun represented almost
40% of their entire dataset. Furthermore, they claim that there is a relationship between indexicality and variation in the ﬁrst,
second and third person forms. In order to strengthen this claim, there is a need to separate out plural and singular forms of
pronominal signs, as there is some evidence that plural pronoun forms are less indexic than singular forms in both ASL and
BSL (Cormier, 2007).
With regard to the inﬂuence of social factors, Bayley et al. (2002) identiﬁed signiﬁcantly different degrees of handshape
variation in different regional groupings due to social class and age. Despite this, Bayley et al. (p. 49) stressed the ‘‘near uni-
formity of constraint effects across regional and social groups’’ that illustrated that ASL users constituted a single language
community. They suggested that differences between some social subgroups in the patterns of 1 handshape variation in ﬁrst
person and non-ﬁrst person pronouns (with signiﬁcantly greater handshape assimilation in the ﬁrst compared to non-ﬁrst
person pronominals) reﬂects the possibility that grammaticalisation of a ﬁrst versus non-ﬁrst person distinction is at work,
and that it is unfolding at different rates in different subsets of the American deaf community.3 An issue not considered by
Bayley et al., however, is the degree to which such variation also occurs in pointing gestures, particularly between pointing ges-
tures to the self and to others. An analysis of 388 body-directed gestures by Cooperrider (2011), collected from a set of televised
interviews with 40 native speakers of American English, indicated that only 10% of ‘self-points’ used a handshape with an ex-
tended index ﬁnger (with or without thumb extension). The ﬁgure in the ASL data was different, with about 48% of all ﬁrst per-
son pronouns using the 1 handshape (thumb opposed), or the related L handshape (thumb extended). Handshape variants other
than a 1 or L handshape accounted for 52% of the ASL data, but almost 90% of the gesture data. Unfortunately, however, Coo-
perrider did not undertake studies of handshape assimilation effects in his gesture data, nor do we have comparable ﬁgures for
pointing gestures to non-ﬁrst person referents. Nevertheless, the grammaticalisation hypothesis needs to take into account the
patterns of variation in related pointing gestures used by non-signers which are undoubtedly related to these forms in sign lan-
guages, both in form and function (Cormier et al., submitted for publication; Johnston, in press).3 This is in contrast to Meier’s (1990) claim that a (presumably already uniform and stable) grammatical distinction exists between ﬁrst and non-ﬁrst person
in the ASL pronominal system.
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A large proportion of the signs with a 1 handshape that appear in sign language discourse involve pointing signs of var-
ious types (Johnston, 2012; McKee and Kennedy, 2006; Morford and MacFarlane, 2003). This appears to be especially true of
the spontaneous conversational BSL data used in this study (Cormier et al., 2011). A number of researchers have suggested
that variation in the orientation of pointing signs is conditioned by the grammatical function of the pointing sign. Pfau (2010)
provides an overview of pointing in sign languages, showing how a number of researchers working on a range of sign lan-
guages (de Vos, 2008; Engberg-Pederson, 2003; van der Kooij et al., 2006) have proposed that pronominal or anaphoric
pointing tends to occur with a palm vertical orientation, whereas locative pointing favours palm down orientation. To our
knowledge, there has been no empirical investigation of these claims (certainly not with a large dataset), nor has the rela-
tionship to similar patterns in co-speech pointing gestures been explored (similar claims about the relationship between dif-
ferent indexical functions and orientation has been made for Neapolitan gesture, see Kendon and Versante, 2003).
3. Research questions
We had two main research questions that motivated our study of sociolinguistic variation and change in the 1 hand con-
ﬁguration in BSL. First, we wanted to know what conditions handshape variation in signs that have the 1 handshape in cita-
tion form in BSL compared to ASL, given that the two sign languages are historically unrelated. Would the same linguistic and
social factors be involved? Would additional factors, such as lexical frequency, be important? Second, we were interested in
understanding orientation variation in signs with the 1 handshape in BSL: Which linguistic and/or social factors would con-
dition orientation variation in BSL? Also, would the analysis reveal the kind of systematic difference between pronominal
and locative pointing signs that has been suggested in the sign language literature for other sign languages?
4. Methodology
4.1. BSL Corpus Project
The study reported in this paper draws on data collected as part of the BSL Corpus Project (Schembri et al., 2011), a large-
scale project that aimed to create the ﬁrst online, open-access corpus of BSL. The BSL Corpus features digital video data col-
lected from 249 deaf signers from eight urban centres around the United Kingdom. All participants were ﬁlmed while en-
gaged in four tasks: retelling a personal experience narrative, participating in a 30-min conversation, answering questions
on language attitudes and awareness, and responding to a short lexical elicitation task. The large, semi-stratiﬁed sample
and the type of data collected makes the BSL Corpus dataset an ideal resource for the questions put forward in this study.
For this study, we focussed on data from 211 signers across 7 cities. The distribution of participants according to several so-
cial categories is provided in Table 1. In the following sections, the BSL Corpus Project methodology in regard to these cat-
egories is described in more detail.
4.1.1. Sites
Phonological variation due to region is a widely-studied phenomenon in British English (for an overview, see Trudgill
(1999)). We planned to include region as a social factor in our analysis of 1 handshape variation because results from pre-
vious studies in phonological variation in other signed languages (e.g., Bayley et al., 2002; Lucas et al., 2002; Schembri et al.,
2009) have suggested that region is an important factor in conditioning variation in signed languages as well. For this study,
we included data from 7 cities representing some of the major urban centres in the four regions of the United Kingdom: Bir-
mingham (in central England), Bristol (in the southwest), London (in the southeast), and Manchester (in the northwest); Bel-
fast in Northern Ireland; Glasgow in Scotland; and Cardiff in Wales. To ensure that each participant was representative of
their region, only participants who had lived or worked in that region for ten years or more were invited to take part in
the BSL Corpus Project.
4.1.2. Participants
A total of 211 deaf participants were included in the study. In terms of language background, 94% (n = 199) of participants
included in this study reported learning to sign before the age of 7 and all the remaining individuals reported that they learnt
to sign by the age of 12. Native signers (i.e., those from a deaf family exposed to BSL from birth) represented 32% (n = 68) of
participants. Research has shown that the age at which a child is exposed to sign language as a ﬁrst language has a consid-
erable effect on their sign language proﬁciency in adulthood (for a review, see Emmorey, 2002).
The participant sample was balanced for gender. Of the 211 participants, 52% (n = 109) were women. It is well docu-
mented that gender is a signiﬁcant factor in phonological variation in spoken languages (e.g., Cheshire, 2002). This has also
been found for signed languages (e.g., Lucas et al., 2002; Schembri et al., 2009).
Age-related variation is well documented for spoken languages (e.g., Bailey, 2002) and for signed languages, including BSL
(Lucas et al., 2002; Stamp et al., in press; Sutton-Spence et al., 1990). Due to variable patterns of language transmission with-
in the deaf community (the language is sometimes learned from peers in schools for deaf children, or after school as a young
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items, as explained above, see Sutton-Spence et al., 1990; Stamp et al., in press). Recruitment to the BSL Corpus Project was
designed to reﬂect this variation by ensuring that participant selection was spread across age groups, ranging from 16 to
94 years of age. For the study reported here, participants were grouped into two categories according to age: younger
(16–50) and older (50–94). The division of participants into these age groups is partly motivated by changes in language pol-
icy in deaf education during the twentieth century (e.g., from education that emphasised the exclusive acquisition of speech
and listening skills to increasing acceptance of sign language in the classroom; see Woll and Ladd (2011) for an overview).
Phonological variation due to social class is well-established in spoken languages (e.g., Ash, 2002), and there is some evi-
dence for it being a relevant social factor for phonological variation in ASL, although often in interaction with other social
factors. It was found to be relevant for an understanding of 1 handshape variation in ASL, although in this case (as described
above), it exhibited a complex interaction with region (Bayley et al., 2002). For the current study, we classiﬁed participants
into two broad social classes based on their occupation and/or educational background. Deaf individuals with a university
education and/or ‘white collar’ professional occupations were categorised as middle class, whereas individuals with no uni-
versity education and having traditional ‘blue-collar’ factory or trade-related occupations were classiﬁed as ‘working class’.
Ethnicity is an important social factor in sociolinguistic variation in many English-speaking communities (Fought, 2002),
and has been shown to be relevant to studies of phonological variation in ASL (Lucas et al., 2002). The ethnic composition of
the British deaf community is, however, unknown. As the overall British population was reported to be about 10% non-white
(mostly of Afro-Caribbean and south Asian origin) in the 2001 Census (Ofﬁce for National Statistics, 2006), we attempted to
include a similar proportion of non-white participants in our project.
4.1.3. Data collection
Data collected as part of the BSL Corpus Project involved working with a deaf ﬁeldworker from each site who conducted
participant recruitment (a methodology ﬁrst used in deaf communities by Ceil Lucas and colleagues, see Lucas et al., 2001).
All ﬁeldworkers were deaf and all but one were native signers. All ﬁeldworkers were also present on the day of ﬁlming and
assisted in data collection together with a deaf project researcher. No hearing people were present during ﬁlming. This kept
possible language contact inﬂuences to a minimum (Lucas and Valli, 1992). Participants were always ﬁlmed in pairs and,
where possible, were ﬁlmed with another person within, or close to, their age group. As participants were required to hold
a conversation for 30 min, they were partnered with someone familiar (i.e., a friend) so that they felt relaxed and any awk-
wardness could be avoided. Filming sessions took place in settings familiar to the participants, e.g., deaf centres and deaf
organisations, to ensure that participants felt comfortable and that it was appropriate to use a relatively informal variety
of BSL.
4.1.4. Data coding
For the 1 handshape variation study, we coded 10 sign tokens each from 211 participants participating in the ﬁrst, more
informal half of the ﬁlming session, which included participants recounting personal narratives and/or engaging in free con-
versation. These sign tokens were signs that were known to have the 1 handshape in their citation form. These tokens in-
clude pronominal pointing signs (i.e., ﬁrst, second, and third person pronouns), locative pointing signs (e.g., PT:LOC
meaning ‘there’ or ‘here’), wh-signs (e.g., WHAT, WHO, WHY), conjunctions (e.g., BUT, AND) as well as nouns (e.g., INFORMATION, ENG-
LAND, GIRL), verbs (e.g., TALK, DEBATE, SAY) and adjectives (e.g., QUICK, SLOW).
All the lexical signs in this study were assigned an ID gloss, which represents emerging best practice when annotating a
sign language corpus (Johnston, 2010). An ID gloss is a unique label used to identify a particular lexeme and to represent all
its phonological and morphological variants in the process of lemmatisation. ID glosses do not reﬂect the meaning of a sign
across all contexts, nor do they give any indication of a token’s grammatical function. For example, the ID gloss ENGLAND is
used for the sign which can mean ‘England’ or ‘English’, regardless of whether the token in question is functioning as a noun
or adjective or whether it refers to the country, culture, language, etc. (for more on lemmatisation principles, see Cormier
et al., 2012).
Decisions about which 10 sign tokens to include or exclude from each participant were based on a number of factors.
Firstly, only signs that were found listed in the Brien (1992) Dictionary of British Sign Language/English were included. Some
signs with a 1 handshape were excluded from this study. These included signs that involved a change from the 1 handshape
to some other handshape in citation form (e.g., the compound signs BELIEVE and CHECK) and classiﬁer signs where the hand-
shape can be regarded as an independent morpheme. Like the ASL study, we also ignored thumb-only variants that func-
tioned as non-ﬁrst person pronominal pointing signs. In these cases, we assumed that the variation in handshape could
also be conditioned by the seating arrangement for ﬁlming (participants were seated close together and angled such that
they were nearly facing each other. In this situation, pointing to the extreme left or right of the signing space towards
the addressee was unlikely). We did, however, include the thumb-only variant in ﬁrst person pronominal points. In addition,
we did not include any signs in which the handshape was obscured. The set-up of the ﬁlming studio and the three cameras in
use during ﬁlming afforded us two views of the signer: one camera had both participants in view and each of the remaining
two was directed towards one individual in the pair, so we were able to see the hand conﬁguration used in almost all cases.
In order to control for frequency of sign tokens, so that a single sign was not over-represented in our ﬁnal dataset of tokens
and to ensure that we had a good mix of individual items, we employed a ‘three strikes’ rule to token collection. If a single
sign occurred three times within one participant’s dataset, then all further instances of that sign were ignored. Coding began
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ﬁrst three minutes, the ﬁrst 10 signs to appear that used the 1 handshape in its citation form and ﬁtted our criteria (i.e., it
was in the Brien (1992) BSL dictionary, it was not a compound or a classiﬁer sign, and it had not appeared more than three
times) were included in the study.
The procedure described above produced an initial dataset of 2110 tokens. However, some signs were excluded from the
ﬁnal analysis reported here because we were later unable to determine with certainty whether a given sign had the 1 hand-
shape as its citation form or because we were unable to resolve lemmatisation issues (i.e., whether or not a pair or set of sign
variants with similar form and similar meaning should be regarded as separate lexemes). Additionally, as the work con-
ducted here complements concurrent work on a new BSL dictionary, ongoing lemmatisation has revealed evidence suggest-
ing that some signs initially coded as having the 1 handshape in citation form in fact did not (see Cormier et al. (2012) for
information on the criteria used to decide a sign’s citation form). For example the sign ID glossed as SLOW can be articulated
using the 1 or B handshape in its citation form. For these reasons, a total of 17 sign types representing 26 tokens (approx-
imately 1% of the total dataset) were excluded from the analysis reported below leaving 2084 tokens remaining.
During coding, each token was coded for the following linguistic factors: handshape category, grammatical category,
indexicality, lexical frequency, and handshape of the preceding and following sign. Each was also coded for the social factors
described above: gender, age, region, social class, ethnicity and language background. A subset of the pointing signs (i.e., the
prononimals and the locatives) were coded for orientation of the hand, and for the orientation of the preceding and following
sign. For the category of handshape, each token was placed into one of eight categories represented in Table 2. This hand-
shape table attempts to account for all the possible handshape variants that may be observed in signs speciﬁed for the 1
handshape. The handshapes shown in Table 2 do not reﬂect all of the possible variants in the 1 handshape. As will be seen
in the results section, however, the majority of handshape variants are restricted to four categories. The division of categories
was partly motivated by the presence or absence of four features: open or closed thumb, open or closed unselected ﬁngers,
open or closed index ﬁnger, and bent or straight index ﬁnger.
For the purposes of this study, we judged a sign as being in citation form when the sign was produced with the index
ﬁnger fully extended, the unselected ﬁngers closed, and the thumb held over or alongside the closed unselected ﬁngers
(i.e., the ‘c’ form shown in Table 2). Please note that, unlike the examples provided in Table 2, not all sign variants deviating
from citation form were fully articulated. A form of a sign was categorised as the ‘L’ variant, for example, when the thumb
was no longer touching the unselected ﬁngers, regardless of whether it was fully extended or not. Additionally, the ‘5’ variant
did not require all ﬁve digits to be fully extended. The index, middle ﬁnger and thumb could be extended and the ring and
pinky ﬁnger closed and the sign would still be classed as ‘5’. Therefore, sign tokens were grouped into the feature category
that best represented the token’s handshape (according to +/ thumb, +/ unselected ﬁngers, etc.), and the forms shown in
Table 2 are simply exemplars of each of these categories. Given the large number of handshapes with varying degrees of ﬁn-
ger and thumb extension and the complexity of coding required to represent this accurately, we adapted the simpliﬁed cod-
ing system used by Bayley et al. (2002) in an attempt to simplify annotation of the data.
For grammatical category, signs were coded into the major content grammatical categories of noun (e.g., GIRL), verb (e.g.,
THINK), adjective (e.g., EASY), adverb (e.g., TOMORROW), depending on their use in sentential context. Function words included pro-
nouns (e.g., PT:PRO1), wh-question signs (e.g., WHY) and other functors (e.g., BUT). As in a previous study (Schembri et al., 2009),
we used a number of semantic and morphosyntactic criteria as the basis for our categorisation of sign tokens into these
grammatical categories, but in some cases, it was not easy to determine the grammatical function of a speciﬁc token. This
was more often the case for pointing signs compared to other sign types. Although ﬁrst person pronouns were unambiguous
(as was often the case for second person pronouns), third person pronouns and locative points (i.e., adverbials) proved dif-
ﬁcult to distinguish (there is some discussion in the literature about whether strictly pronominal functions for pointing can
be distinguished from other uses of pointing in sign languages or indeed in gesture, see Cormier et al., submitted for pub-
lication; Evans and Levinson, 2009; Johnston, in press). Third person pronouns were typically identiﬁed as a point to the
peripheral signing space, away from the conversational partner, and serving as a referent for another person in the discourse.
Locative points were identiﬁed as a point to a location (e.g., associated with a place-name mentioned in the discourse) or the
location at which a topic being discussed was situated. Ambiguous points were often points to a location associated with a
referent in a particular location (e.g., person standing in a doorway), making it difﬁcult to determine whether they were pri-
marily locative or pronominal pointing signs. Consequently, these ambiguous points were ignored. Pointing signs function-
ing as determiners were identiﬁed by their syntactic position adjacent to nominal signs and by prosody. If the point (whether
it occurred before or after a noun) could be grouped with a noun as a single cohesive prosodic unit, then it was classed as a
determiner.
For indexicality, sign tokens were grouped into the following two categories: pointing signs and non-pointing signs.
Pointing signs were further subdivided into pronominals (ﬁrst, second, and third person pronouns, both singular and plural
forms), as well as locative points (e.g., PT:LOC meaning ‘there’ or ‘here’), determiners (e.g., PT:DET meaning ‘that’ or ‘the’), and
other uses of pointing (e.g., PT:OTHER which were often temporal points). Thus, the category of pointing signs includes both
signs that function as grammatical signs (e.g., pronouns and determiners) as well as signs that may be considered as content
signs (e.g., PT:LOC can function as an adverb meaning ‘there’).
Initial results indicated that grammatical category and indexicality interacted to a signiﬁcant degree (i.e., one of the most
frequent grammatical categories in the data, pronouns, consisted exclusively of pointing signs) so it was decided to merge
the two factor groups into one.
Lateral  Prone 
Fig. 2. Two categories of orientation used to group pronominal and locative signs.
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in phonological variation. That is, high frequency words may exhibit greater phonological variation than low frequency
words. As such, we coded as ‘high frequency signs’ in our data all tokens of the top ﬁve most frequent items produced with
a 1 handshape in a related study of lexical frequency in the BSL Corpus conversational dataset (Cormier et al., 2011): PT:PRO1,
PT:PRO3, PT:PRO2, PT:DET and PT:LOC. Together these 5 lexical items represented 1061 tokens, or 51% of our entire dataset. All other
tokens (representing the remaining 87 lexical items) were coded together as ‘not high frequency signs’.
To investigate the effects of the immediate phonological environment, the preceding and following signs were examined
and grouped into a category exhibiting the 1 handshape, or exhibiting a different handshape. If no sign immediately followed
or preceded the target sign (e.g., when the target sign represented the ﬁrst or last sign in the participant’s turn in the con-
versation), then we coded this as a ‘pause’. We only coded the handshape of preceding/following signs using the same hand
as the target sign (regardless of whether there was a shift in dominance).
For the orientation study, all non-ﬁrst person pronoun signs and locative pointing signs were further categorised accord-
ing to orientation: as ‘lateral’, ‘prone’ (see Fig. 2 above) or ‘other’. We also coded whether the orientation of the preceding and
following signs matched the orientation of the target sign.
The data were coded by the ﬁrst and third authors, both of whom are deaf native/ﬂuent signers of BSL. Firstly, ten tokens
were identiﬁed by one researcher and preliminarily coded for all linguistic factors discussed above. The second researcher
then examined all the tokens coded in each ELAN ﬁle and checked for accuracy and consistency of coding based on the cri-
teria noted above. Any disagreements about coding were discussed, and only tokens in which agreement was reached were
included in the analysis. Following completion of coding, 10% (n = 210) of the initial data coded were examined by the second
author, a hearing ﬂuent user of BSL, to determine inter-rater reliability. All categories within each token were checked (e.g.,
handshape, grammatical category, orientation, etc.) and the researcher indicated whether he agreed with the coding as-
signed or not. This produced an agreement level of 96% (i.e., only 4% of categories being ones that he would have coded dif-
ferently). Social factors were coded by referring to the demographic questionnaire that each participant ﬁlled in prior to
taking part.
For the statistical analysis, we used the variable rule program Rbrul (Johnson, 2009) which enables us to quantitatively
determine the effect of several factors on a binary linguistic variable. In the main analysis, these factors may be linguistic
(e.g., grammatical category, the handshape of the preceding sign, etc.) or social (e.g., gender, age) and the binary linguistic
variable can be understood as whether the target sign exhibited the 1 handshape or some other handshape (in the other
analyses reported here, the linguistic variable might also be a different handshape variant or a speciﬁc orientation). Rbrul
was designed to improve upon Goldvarb (used extensively in sociolinguistic research, see Tagliamonte, 2006) in that it
not only considers ﬁxed effects (such as the linguistic and social factors mentioned above) but random effects as well. In this
study, two possible random effects are participant and lexical item. Strictly speaking, tokens are not independent of one
other and may be grouped according to these random effects (e.g., 10 tokens can have the same participant in common
and, as we see below, 370 tokens have the same sign in common). These random effects themselves may favour or disfavour
a variant beyond what can be attributed to ﬁxed effects alone (e.g., a speciﬁc lexical item that strongly disfavours handshape
variation may appear as a gender effect if the same item is particularly common amongst women in our data). In considering
this, Rbrul reports signiﬁcant results on a given variable only when they are strong enough to discount any possible inﬂuence
from random effects (something that GoldVarb does not do). A further advantage of using Rbrul is that results are presented
in both factor weights, which are used frequently by sociolinguists when displaying results from studies using variable rule
programs, and log-odds, which have the beneﬁt of being understood by the wider research community (such as psycholin-
guistics, psychologists and statisticians).5. Results
5.1. Distributional results
Table 3 provides an overview of the type and frequency of tokens collected for the study together with the number of
times each type appeared in citation form.
Table 3
Distribution of sign types with 1 handshape in citation form and % of citation forms.
Ranking ID gloss Number of tokens % of tokens Number of + cf % of + cf
1 PT:PRO1 370 17.5 46 12.4
2 PT:PRO3 253 12.0 92 36.4
3 PT:PRO2 184 8.7 67 36.4
4 PT:LOC 155 7.3 92 59.4
5 SAME 128 6.1 83 64.8
6 PT:DET 99 4.7 37 37.4
7 WHAT 98 4.6 37 37.8
8 WHY 88 4.2 25 28.4
9 ONE 69 3.3 57 82.6
10 THINK 59 2.8 38 64.4
11 PT:PRO3PL 51 2.4 30 58.8
12 SAY 45 2.1 27 60.0
13 BUT 31 1.5 17 54.8
14 TIME 27 1.3 17 63.0
15 DIFFERENT 25 1.2 12 48.0
16 HEARING 23 1.1 14 60.9
17 FIRST 20 0.9 17 85.0
18 ENGLAND 18 0.9 14 77.8
19 GIRL 18 0.9 10 55.6
20 GO-POINT 18 0.9 14 77.8
21 PT:OTHER 18 0.9 11 61.1
22 CAN-NOT 15 0.7 8 53.3
23 WHO 15 0.7 13 86.7
24 MEET 12 0.6 11 91.7
25 EASY 11 0.5 7 63.6
26 PT:PRO1PL 11 0.5 6 54.5
27 NEXT-YEAR 10 0.5 8 80.0
28 PLUS 10 0.5 8 80.0
29 SELF 10 0.5 9 90.0
30 LATER 9 0.4 3 33.3
31 THING 9 0.4 8 88.9
32 BOSS 8 0.4 5 62.5
33 ONLY 8 0.4 4 50.0
34 ROOM 8 0.4 4 50.0
35 TALK 7 0.3 6 85.7
36 TRY 7 0.3 5 71.4
37 MOST 6 0.3 2 33.3
38 PEOPLE 6 0.3 3 50.0
39 QUICK 6 0.3 5 83.3
40 YESTERDAY 6 0.3 5 83.3
41 HAVE-A-LOOK 5 0.2 3 60.0
42 IMPOSSIBLE 5 0.2 2 40.0
43 KICK 5 0.2 4 80.0
44 TEACH2 5 0.2 3 60.0
45 UNIVERSITY 5 0.2 5 100.0
46 AND 4 0.2 2 50.0
47 HALF2 4 0.2 3 75.0
48 INDEPENDENT 4 0.2 4 100.0
49 OTHER 4 0.2 3 75.0
50 POUND 4 0.2 4 100.0
51 BUMP-INTO 3 0.1 3 100.0
52 COMPETITION 3 0.1 3 100.0
53 INFORMATION 3 0.1 2 66.7
54 LAST-YEAR 3 0.1 2 66.7
55 LATE 3 0.1 1 33.3
56 MENTION 3 0.1 2 66.7
57 NEAR 3 0.1 3 100.0
58 TOMORROW 3 0.1 1 33.3
59 UP 3 0.1 1 33.3
60 EACH 2 0.1 2 100.0
61 GERMANY 2 0.1 1 50.0
62 GO-TO-AND-FRO 2 0.1 1 50.0
63 LONDON 2 0.1 2 100.0
64 MEETING 2 0.1 2 100.0
65 MULTIPLY 2 0.1 2 100.0
66 PT:LOCPL 2 0.1 0 0.0
67 PT:PRO2PL 2 0.1 1 50.0
68 ALLOW 1 0.0 1 100.0
(continued on next page)
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Table 3 (continued)
Ranking ID gloss Number of tokens % of tokens Number of + cf % of + cf
69 ALWAYS2 1 0.0 0 0.0
70 BOY 1 0.0 1 100.0
71 CRY 1 0.0 1 100.0
72 CUTE 1 0.0 1 100.0
73 DEBATE 1 0.0 1 100.0
74 DECIDE 1 0.0 1 100.0
75 ESCAPE 1 0.0 1 100.0
76 FOLLOW 1 0.0 1 100.0
77 FOLLOW2 1 0.0 1 100.0
78 HAPPEN 1 0.0 1 100.0
79 KNIT 1 0.0 1 100.0
80 LAST-WEEK 1 0.0 1 100.0
81 MOUSE 1 0.0 1 100.0
82 OPPOSITE 1 0.0 0 0.0
83 PROFILE 1 0.0 1 100.0
84 PT:DETPL 1 0.0 0 0.0
85 RULE 1 0.0 1 100.0
86 RUSSIA 1 0.0 0 0.0
87 SACK 1 0.0 0 0.0
88 SIGHT 1 0.0 1 100.0
89 SUMMON 1 0.0 1 100.0
90 TOWN2 1 0.0 1 100.0
91 WARN 1 0.0 1 100.0
92 WEEK 1 0.0 1 100.0
2084 959
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shape in its citation form. Additionally, the ﬁgures in Table 3 indicate that the top ten most frequent signs in our data account
for 72% of the total number of tokens (n = 1503). When our calculations are expanded to include the top 25 most frequent
signs in our data, this ﬁgure increases to 89% (n = 1850). Finally, Table 3 indicates that 97% of the 2084 sign tokens (n = 2016)
is represented by 50 unique sign types.
Although corresponding lexical frequency information is not available for ASL, Bayley et al.’s (2002) collection of sign to-
kens have been grouped by grammatical category. In Table 4, we have compared the distribution of grammatical category in
the current study with ASL. We can see, therefore, that the most frequent lexical item PT:PRO1 represents a considerably smal-
ler percentage of the BSL dataset (18%) than the ASL dataset (39%).4 Indeed, Table 4 shows that the proportion of all pronom-
inal signs is also smaller overall in BSL (42%) than in ASL (57%). This is likely the result of our upper limit on the number of
tokens of the same sign that could be coded in each participant’s data. Overall, the distribution of sign tokens by grammatical
category is more even in the current study compared to the ASL study which shows a strong bias towards ﬁrst person
pronominals.
It is worth noting that pointing signs in general account for the majority of the overall data. Pointing signs include
not only pronominal signs but also determiners (PT:DET) and adverbials (PT:LOC ‘there’). When a distinction between point-
ing and non-pointing signs is applied to the BSL data, we ﬁnd that pointing signs represent 55% (n = 1146) of 2084
tokens.5.2. Handshape variation
A phonological analysis of 2084 sign tokens reveals that 53% (n = 1127) used a handshape that deviated from citation
form. In Table 5 below, the distribution of tokens according to the handshape variant used is provided.
Table 5 shows that 98% of the BSL data can be identiﬁed as belonging to four handshape categories: citation form (46%),
the 5 variant (20%), the L variant (16%), and the 4 variant (15%). In the ASL study, 96% of their data consisted of all these vari-
ants although the 4 handshape variant was not a major category in their study (accounting for only 4% of 5356 tokens). The
proportion of tokens identiﬁed as citation form in the ASL study is slightly less than the BSL dataset (39%) whilst the propor-
tions of the L variant and 5 variant are slightly higher in the ASL dataset (29% and 25%, respectively). Results from both data-
sets strongly suggest that variation in the 1 handshape is a highly frequent phenomenon accounting for the majority of
tokens.
The results of our statistical analyses are presented below.4 For ease of comparison with Bayley et al. (2002), we have merged singular and plural pointing signs into a single category for ﬁrst, second, and third person
pronominals. This is why the ﬁgures in Table 4 differ from that provided in Table 3 where singular and plural points have been separated.
Table 4
Distribution of sign tokens by grammatical category in BSL and ASL (Bayley et al., 2002).
Grammatical category BSL BSL (%) ASL ASL (%)
Noun, adjective 301 14.4 419 8.1
Verb, adverb 344 16.5 1238 23.8
Grammatical function sign 390 18.7 501 9.6
Wh-sign 178 8.5 101 1.9
PT:PRO3 304 14.6 435 8.4
PT:PRO2 186 8.9 482 9.3
PT:PRO1 381 18.3 2019 38.9
Total 2084 100.0 5195 100
Table 5
Distribution of tokens by handshape displayed in BSL and ASL (Bayley et al., 2002).a
Handshape category BSL (total) BSL (%) ASL (total) ASL (%)
c 959 46.0 2067 38.6
X 22 1.1 60 1.1
L 342 16.4 1556 29.1
4 311 14.9 193 3.6
5 425 20.4 1319 24.6
thumb-only variant (6 and & combined) 21 1.0 161 3.0
o 4 0.2 (did not include as a category) (did not include as a category)
Overall total 2084 100 5356 100
a Handshape categories used in the study reported here differ slightly from Bayley et al. (2002). The following categories are identical across the two
studies: citation form, ‘L’, ‘4’, ‘5’, ‘X’. The open-thumb category in the ASL study is equivalent to the categories of ‘6’ and ‘&’ combined in the current study
(the open-thumb category was excluded from the ﬁnal analysis in the ASL study because it was constrained by the physical location of the referent in
question when acting as a pronominal point whereas we ignored similar tokens during the coding process). Finally, we included an additional category ‘o’
for variants that could not be placed into any of the categories previously mentioned. No such category is reported in the ASL study.
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All the linguistic factors we analysed were signiﬁcant in the following order of importance: (1) preceding handshape or
pause, (2) following handshape or pause, (3) grammatical category and indexicality, and (4) lexical frequency, as shown in
Table 6. For ease of analysis, since Rbrul requires a binary or a continuous application value, the categories of handshape
were divided into two: citation form and other handshape. The application value selected in all cases below was ‘other hand-
shape’. Therefore, log odds and factor weights should be understood as reﬂecting the likelihood that a given factor might
inﬂuence the appearance of non-citation forms.
Table 6 demonstrates that the immediate phonological environment plays a signiﬁcant role in the variation observed
within our data. In other words, statistical analysis revealed the preceding phonological environment to be the most impor-
tant factor inﬂuencing handshape variation in signs with the 1 handshape in citation form. If the preceding sign featured a
handshape that was not the 1 handshape (0.747) or if a pause preceded the target sign (0.345), then it was very likely that we
would also observe some other handshape in the target sign. Conversely, if the preceding sign included a 1 handshape, then
it was very unlikely that we would see a different handshape in the target sign (1.092). Similar results were found for the
following phonological environment which was the second most important factor. That is, if the following sign featured a
handshape that was not the 1 handshape (0.374) or if a pause followed the target sign (0.417), then it was very likely that
the target sign would anticipate features in the following sign. As with the preceding sign factor group, if the following sign
had a 1 handshape, it was very likely no variation in the target sign would be observed (0.791). The next most important
factor was the combined factor groups of grammatical category and indexicality. Within this factor group, singular pronouns
are most likely to exhibit variation over all other categories, with PT:PRO1 the most variable (2.381), followed by PT:PRO2 (0.760)
and then PT:PRO3 (0.726). This group of pointing signs, along with pointing signs that act as determiners (0.613), all favour
handshapes other than the 1 hand conﬁguration. Not all pointing signs display this tendency; pointing signs glossed as
PT:OTHER slightly disfavour variation (0.096) as do locative points (0.211) and plural pronouns (0.404). However, within
the non-pointing signs, we see an overall tendency to disfavour variation beginning, very weakly, with wh-signs (0.012)
and followed by adverbs (0.390), adjectives (0.576), other functors (0.659), verbs (1.023) and nouns (1.109). Finally,
lexical frequency also returned a signiﬁcant result, although this result was obtained in a separate Rbrul analysis that ex-
cluded grammatical cateogry and indexicality, as once again, initial analyses indicated that these two factor groups inter-
acted to a signiﬁcant degree. The top 5 most frequent signs (based on a separate lexical frequency study; see Cormier
et al., 2011) that have the 1 handshape as citation form were signiﬁcantly more likely to display 1 handshape variation
(0.791) when compared to less frequent signs (0.791).
Table 6
Linguistic factors conditioning variation in the 1 handshape.
Factor group Factor Log odds Tokens Percentage of application
value [other handshape] (%)
Weight
Preceding handshape Other 0.747 1537 59.3 0.679
Pause 0.345 279 54.8 0.585
1 1.092 268 22.4 0.251
Following handshape Pause 0.417 224 57.1 0.603
Other 0.374 1521 59.0 0.592
1 0.791 339 29.5 0.312
Grammatical category & indexicality PT:PRO1 2.381 370 87.6 0.915
PT:PRO2 0.760 184 63.6 0.681
PT:PRO3 0.726 253 63.6 0.674
PT:DET 0.613 100 63.0 0.649
Wh-signs 0.012 178 61.2 0.497
PT:OTHER 0.096 18 38.9 0.476
PT:LOC 0.211 157 41.4 0.447
Adverbs 0.390 65 38.5 0.404
PT:PROPL 0.404 64 42.2 0.400
Adjectives 0.576 154 36.4 0.360
Other functors 0.659 218 33.4 0.341
Verbs 1.023 179 30.2 0.264
Nouns 1.109 144 29.9 0.248
Lexical frequencya Top 5 0.791 1061 68.5 0.688
Other 0.791 1023 38.9 0.312
a Seperate analysis.
Table 7
Effect of speciﬁc preceding and following handshape variants on conditioning 1 handshape variation.
Factor group Factor Log odds Tokens Percentage of application value
[other handshape] (%)
Weight
Preceding handshape 1 1.197 268 77.6 0.768
X 1.029 22 77.3 0.737
o 0.280 173 56.6 0.570
6 0.107 123 45.5 0.473
Pauses 0.239 279 45.2 0.440
4 0.432 215 39.5 0.394
& 0.438 38 36.8 0.392
5 0.518 877 37.3 0.373
L 0.773 89 31.5 0.316
Following handshape 1 0.974 339 70.5 0.726
& 0.030 44 45.5 0.507
X 0.040 23 43.5 0.490
4 0.075 207 44.4 0.481
6 0.106 114 43.0 0.474
o 0.135 189 42.9 0.466
Pauses 0.186 224 42.9 0.454
L 0.198 102 41.2 0.451
5 0.264 842 39.2 0.434
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important ﬁnding in itself, as previous work on ASL (e.g., Bayley et al., 2002) did not fully incorporate either indexicality or
lexical frequency effects into their analysis. The interaction reﬂects that fact that pronouns (the grammatical category that
most strongly favours handshape variation) are pointing signs that are, additionally, highly frequent. This underlying rela-
tionship between factor groups had a signiﬁcant effect on the statistical analysis as Rbrul assumes factor groups to be inde-
pendent from one another, and this is what motivated our merging two groups (grammatical category and indexicality) and
carrying out a separate analysis with another (lexical frequency). We wished to demonstrate that there are multiple linguis-
tic effects that appear to be driving the variation in the BSL data.
In Table 7, we report a detailed analysis of the preceding and following phonological environments conditioning the use
of the citation form of the 1 handshape. Preceding and following pauses both somewhat disfavour the use of a citation form
(in the log odds column, a result below 0 shows a tendency to disfavor the 1 handshape whilst a result above 0 shows a ten-
dency to favour the 1 handshape).
The results in Table 7 demonstrate that, for the preceding handshape, the occurrence of another citation handshape
(1.197), or the related variant X (1.029) in which the index ﬁnger is extended and bent, both strongly favour the use of a
Table 8
Signiﬁcant and non-signiﬁcant social factors conditioning variation in the 1 handshape.
Factor group Factor Log odds Tokens Percentage of application value
[other handshape] (%)
Weight
Region Cardiff 0.516 289 65.1 0.626
Belfast 0.211 297 52.2 0.552
Bristol 0.205 318 57.5 0.551
London 0.022 297 54.5 0.494
Glasgow 0.142 292 53.8 0.465
Birmingham 0.324 297 48.8 0.420
Manchester 0.443 294 45.9 0.391
Gender (n.s.) Male 0.012 999 52.5 0.503
Female 0.012 1085 55.4 0.497
Ethnicity (n.s.) Non-White 0.041 177 56.5 0.510
White 0.041 1907 53.7 0.490
Age group (n.s.) Younger 0.003 1054 54.8 0.501
Older 0.003 1030 53.1 0.499
Language background (n.s.) Deaf 0.066 671 54.2 0.517
Hearing 0.066 1413 53.9 0.483
Social class (n.s.) Middle 0.018 800 54.4 0.505
Working 0.018 1284 53.7 0.495
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favour the citation form involve the extension of the thumb, such as 6 (0.107), & (0.438) and L (0.773), and those which
involve the extension of the middle, ring or pinky ﬁngers, such as 5 (0.518) and 4 (0.432). A preceding pause also disfa-
vours the citation form (0.239). For the following handshape, the conditioning factors are different, with only the 1 hand-
shape (0.974) strongly favouring the use of citation form. The & variant (0.030) slightly favours the citation form, while,
rather unexpectedly, all other following handshape variants disfavour the use of the 1 handshape.
5.4. Social factors
In contrast to linguistic factors, only one social factor returned a signiﬁcant result in the main analysis: region. Gender,
ethnicity, age, language background and social class were not signiﬁcant factors affecting 1 handshape variation. Table 8 dis-
plays the results from the main Rbrul analysis for social factors. As with the previous table, the application value selected is
‘other handshape’. Therefore, the log odds and factor weights reﬂect the likelihood that some other handshape would be ob-
served in place of the 1 handshape.
Table 8 shows that, out of the seven regions included in the analysis, three regions appear to favour handshape variation.
Speciﬁcally, participants from Cardiff were most likely to exhibit handshape variation (0.516). Participants from Belfast
(0.211) and Bristol (0.205) may be said to somewhat favour handshape variation. Manchester participants were least likely
to display variation in the 1 handshape (0.443) followed by Birmingham participants (0.324). Glasgow participants
(0.142) and London participants (0.022) appear to slightly disfavour variation in handshape.
5.5. Additional analyses involving other handshape variants as the dependent variable
Given the relationship between the L and 5 variants and speciﬁc social factors reported in the ASL study, we also ran anal-
yses in which the two main subvariant handshapes (i.e., 5 and L) were the dependent variable. The signiﬁcant factor groups
are reported in Tables 9 and 10 respectively.
As with the main analysis (where the 1 handshape was selected as the dependent variable), the preceding and following
phonological environments are the most important factors in conditioning the use of a 5 handshape variant in the target
sign, with a preceding (1.047) or following (0.829) 5 variant being the most important factor. Preceding (0.603) and follow-
ing (0.573) pauses also favour variation. In addition, we can see that handshapes in the preceding sign that involve thumb
extension, such as L (0.166) and 6 (0.039), tend to favour the use of a 5 variant. In contrast, the & variant, which also involves
thumb extension, appears to disfavour the 5 variant (0.543). The 4 variant, typically involving extension of the middle, ring
or pinky ﬁngers, appears to weakly disfavour the 5 variant (-0.014). All variants with no thumb and ﬁnger extension, such as
1 (1.202), and those with bending of ﬁngers at the joints, such as X (0.156) tend to disfavour the 5 variant. Similar results
can be seen in results for the handshape in the following sign. All variants with no thumb and ﬁnger extension, such as 1
(1.032) and X (0.070) appear to disfavour the 5 variant whilst the results for the other variants appear to be mixed
(e.g., the appearance of the L variant (1.073) in the following sign strongly disfavours the 5 variant whilst other variants
involving thumb extension such as the & (0.295) and 6 (0.118) variant display the reverse). Grammatical function and index-
icality is also a signiﬁcant factor group conditioning variation, with the pronominal signs, such as PT:PRO1 (2.036) and PT:PRO2
Table 9
Signiﬁcant factors conditioning variation in the 5 variant.
Factor group Factor Log odds Tokens Percentage of application value
[other handshape] (%)
Weight
Preceding handshape 5 1.047 877 29.1 0.740
Pauses 0.603 279 22.9 0.646
L 0.166 89 15.7 0.541
o 0.060 173 13.9 0.515
6 0.039 123 15.4 0.510
4 0.014 215 13.5 0.497
X 0.156 22 9.1 0.461
& 0.543 38 13.2 0.367
1 1.202 268 4.9 0.231
Following handshape 5 0.829 842 29.7 0.696
Pauses 0.573 224 21.4 0.639
o 0.380 189 21.2 0.594
& 0.295 44 15.9 0.573
6 0.118 114 18.4 0.530
4 0.020 207 14.5 0.495
X 0.070 23 13.0 0.482
1 1.032 339 5.6 0.263
L 1.073 102 6.9 0.255
Grammatical function & indexicality PT:PRO1 2.036 370 48.1 0.884
PT:PRO3 0.995 253 26.1 0.730
PT:PROPL 0.920 64 25.0 0.715
PT:PRO2 0.816 184 23.9 0.693
PT:DET 0.791 100 23.0 0.688
PT:LOC 0.308 157 17.2 0.576
Wh-signs 0.083 178 15.2 0.521
PT:OTHER 0.283 18 5.6 0.430
Other functors 0.372 218 8.7 0.408
Verbs 1.105 179 5.0 0.249
Adjectives 1.340 154 4.5 0.208
Adverbs 1.364 65 4.6 0.204
Nouns 1.486 144 3.5 0.185
Region Cardiff 0.440 289 28.0 0.608
Bristol 0.378 318 24.2 0.593
Belfast 0.216 297 20.2 0.554
London 0.102 297 21.9 0.525
Glasgow 0.034 292 19.9 0.509
Manchester 0.442 294 15.6 0.391
Birmingham 0.728 297 12.8 0.326
Table 10
Signiﬁcant factors conditioning variation in the L variant.
Factor group Factor Log odds Tokens Percentage of application value
[other handshape] (%)
Weight
Preceding handshape & 2.388 38 34.2 0.916
6 2.187 123 30.9 0.899
L 2.182 89 37.1 0.899
5 1.338 877 16.1 0.792
Pauses 1.323 279 17.6 0.790
o 1.223 173 14.5 0.773
1 0.832 268 9.7 0.697
4 0.601 215 7.9 0.646
X 12.074 22 0 <0.001
Following handshape L 0.923 102 37.3 0.716
6 0.767 114 30.7 0.683
Pauses 0.123 224 18.8 0.531
5 0.034 842 16.9 0.491
o 0.055 189 16.9 0.486
X 0.068 23 13.0 0.483
& 0.085 44 13.6 0.479
1 0.354 339 10.0 0.412
4 1.216 207 4.8 0.229
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Table 11
Vertical (lateral) orientation versus other orientation.
Factor group Factor Log odds Tokens Percentage of application value
[vertical orientation] (%)
Weight
Lexical item PT:PRO2 0.782 183 44.8 0.677
PT:PRO3 0.656 253 41.5 0.649
PT:LOC 0.555 157 17.2 0.355
PT:PRO2/3PL 0.719 53 13.2 0.319
Table 12
Horizontal (prone) orientation versus other orientation.
Factor group Factor Log odds Tokens Percentage of application value
[horizontal orientation] (%)
Weight
Lexical item PT:PRO2/3PL 0.931 53 58.5 0.709
PT:LOC 0.581 157 49.0 0.632
PT:PRO2 0.626 183 20.8 0.340
PT:PRO3 0.730 253 19.8 0.317
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region is signiﬁcant, although differing slightly in detail from the results in the main study: signers in Cardiff (0.440), Bristol
(0.378), Belfast (0.216), London (0.102) and Glasgow (0.034) tend to favour the 5 handshape variant, while those in Manches-
ter (0.442) and Birmingham (0.728) disfavour it.
For the L variant (see Table 10), again we see that the preceding and following phonological environments are the most
important factor groups in predicting the presence of this variant (with stronger effects than for the 5 handshape), with a
preceding (2.182) or following (0.923) L strongly favouring the L variant in the target sign. Moreover, we see that handshapes
in the preceding sign that involve thumb extension, such as & (2.388) and 6 (2.187), and those variants with extension of the
index ﬁnger, such as 5 (1.338), 1 (0.832) and 4 (0.601), tend to favour the use of a L handshape. This effect is not found in the
following phonological environment, where only the presence of a 6 handshape (0.767) favours this variant. Preceding
(1.323) and following (0.123) pauses also favour an L variant. In contrast, a preceding X handshape, and almost all following
handshapes, disfavour the L variant. Finally, none of the social factors reaches signiﬁcance in this analysis.
These results (combined with the results reported in Section 5.4) are interesting when we consider the complex picture
reported in the ASL study regarding social factors and 1 handshape variation. Across all analyses, only one social factor ap-
pears to be important in the BSL dataset: region. These differences and the possible reasons behind them are discussed in
Section 6.5.6. Orientation of pointing signs
An analysis of 646 pointing signs for orientation (focusing on non-ﬁrst person pronominal and locative pointing signs)
suggests systematic variation in orientation according to a pointing sign’s underlying function. As we made a tripartite dis-
tinction in the orientation of pointing signs (lateral, prone and other), two statistical analyses are reported below (as Rbrul
was used to run analyses with a binary application value). These are: lateral versus all other orientations and prone versus all
other orientations. The results of the analysis are reported in Table 11 and 12. In these tables, the application value is ‘vertical
orientation’ and ‘horizontal orientation’ respectively.
For both analyses, only one linguistic factor was found to be signiﬁcant: lexical item. The orientation of the preceding and
following signs were not found to be signiﬁcant. In Table 11 (lateral orientation versus other orientation), the results dem-
onstrate that PT:PRO2 (0.782) and PT:PRO3 (0.656) are likely to use a lateral palm orientation whilst PT:LOC (0.555) and PT:PRO2/
3PL (0.719) display the reverse (i.e., are likely to use a palm orientation that is not lateral). Table 12 demonstrates that the
reserve is true when we group tokens into those that exhibit a prone orientation and those with any other orientation. That
is, PT:PRO2/3PL (0.931) and PT:LOC (0.581) are likely to use a prone palm orientation whilst PT:PRO2 (0.626) and PT:PRO3 (0.730)
display the reverse. In both orientation analyses, no social factors were found to be signiﬁcant.6. Discussion
Our results suggest that, like ASL, variation in the 1 handshape is not random but can be linked to linguistic and social
factors. Also, factors such as grammatical category and features of the surrounding phonological environment were found
to characterize variation in the 1 handshape in BSL, similar to ASL (Bayley et al., 2002). However, our results revealed some
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the BSL data; these factors were not considered in the ASL study. Secondly, only one social factors returned a signiﬁcant re-
sult (region), compared to multiple social factors that had a signiﬁcant effect in 1 handshape variation in the ASL study. Fi-
nally, the orientation analysis for BSL suggests that singular pronominal pointing signs strongly favour lateral orientation
and locative signs strongly favour prone orientation. These results, whilst providing additional support to claims made with-
in the existing sign language literature, bring to light several questions that will be discussed in detail below.
6.1. Linguistic factors
Our results indicate that all the linguistic factors considered here have a signiﬁcant inﬂuence on variation in the 1 hand-
shape. These factors, listed in the order of importance, are the preceding handshape, the following handshape, grammatical
category and indexicality, and lexical frequency. These linguistics factors are discussed in turn below.
6.1.1. Preceding and following phonological environment
In Bayley et al. (2002), features of the preceding and following phonological environment as well as grammatical category
were found to be important factors although grammatical category was the ﬁrst-order constraint governing variation in the
1 handshape in ASL. However, in our study, the preceding phonological environment was the ﬁrst order constraint on var-
iation in the 1 handshape followed by the following phonological environment. Instead, the combination of grammatical cat-
egory and indexicality was the third most important constraint on variation in the 1 handshape. The categories of the
preceding and following phonological environment each consisted of three subcategories: signs that also had the 1 hand-
shape, signs with some other handshape, and pauses. Our analysis revealed that preceding or following signs with some
other handshape as well as pauses pattern similarly (and in contrast to preceding or following signs with the 1 handshape)
in that they tend to favour variation in the target sign. We also found features of the preceding and following phonological
environment to be important when either the 5 or L variant was selected as the dependent variable and it was the only lin-
guistic factor that was signiﬁcant across all the analyses. A detailed analysis examining each handshape variant revealed, as
in the ASL study, that features of the preceding and following handshape generally favour similar features in the target sign.
For example, the presence of a 1 handshape variant or the related X variant (with an extended and bent index ﬁnger) in the
preceding sign both strongly favour the appearance of a 1 handshape variant in the target sign. This is further supported by
the results presented in Table 10 where the L variant is selected as the dependent variable. Here, all handshape variants
which do not have thumb extension (as is present in the L variant) in the preceding sign disfavour the appearance of the
L handshape in the target sign. In other words, and as has been reported for ASL in Bayley et al. (2002), the absence of an
extended thumb in the preceding handshape favours the absence of an extended thumb in the target sign. However, we
do observe mixed results that point away from a systematic relationship between features in the surrounding phonological
environment and features in the target sign. For example, in Table 9, where the 5 variant has been selected as the dependent
variable, the 4 handshape variant in the preceding sign slightly disfavours the appearance of the 5 handshape in the target
sign and other handshapes that have fewer features in common with the 5 variant (such as the 6 or L variant) are reported to
have the opposite effect. These results may be linked to the research methodology involved in grouping tokens into their
respective handshape categories. For example, a given token does not need to have all four digits fully extended to be la-
belled as the 4 variant. If the pinky ﬁnger along with the index ﬁnger were fully extended, this would be enough to label
the token in question as the 4 variant. For this variant, the degree in which the pinky ﬁnger is open was observed to vary
greatly and therefore should not be regarded as fully extended in each instance. In fact, it should not generally be assumed
that full extension of the relevant digits was observed in each token within their respective categories. A more detailed pho-
netic analysis is required to fully appreciate what may be happening here. However, our results generally support that which
is reported in Bayley et al. (2002): features of the surrounding phonological environment tend to favour like features in the
target sign.
6.1.2. Indexicality
Bayley et al. (2002:46) observed that there appeared to be a relationship between indexicality and grammatical function
in their data, noting an apparent relationship between handshape variation in pronominal signs and a ‘‘. . .continuum of dis-
tance from the signing subject in the discourse setting’’. They found that most variation in handshape occurs in the ﬁrst per-
son pronoun, which we also ﬁnd here. Bayley et al. suggest that this is because the most salient referent in the discourse is
the signer, and thus this referent is most readily identiﬁed by a range of handshapes directed towards the signer’s chest. Bay-
ley et al. also observe somewhat less handshape variation in second person pronouns (typically a point towards the addres-
see) which they describe as a point to the second most salient referent. Thirdly, Bayley et al. note that non-addressed
referent(s) are the third most salient referent(s), and relatively less variation may be expected, as does indeed appear to
be the case for ASL. The results in the current study do indicate a similar pattern regarding indexicality in BSL. That is,
we do observe a systematic pattern where sign types that may be regarded as more indexic than others also exhibit a higher
degree of 1 handshape variation over less indexic sign types. As in the ASL study, we found the most variation in the ﬁrst
person pronoun, the sign type regarded as most indexic. The second person pronoun is the second category in which we ob-
serve the most variation, and a category that might be considered less indexic than the ﬁrst person pronoun, followed by the
third person pronoun. It must be said, however, that the statistical analysis reveals that these two categories display a very
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pronoun (0.760). Additionally, we see more variation amongst wh-signs (a category of non-indexic signs) than in the cate-
gory of locative pointing signs, for example, which suggests that the relationship between indexicality and variation may not
be as straightforward as previously assumed. However, plural pronouns forms, which have been independently argued to be
less indexic than other pronouns (Cormier, 2002, 2007), disfavour variation contrasting with singular (and more indexic)
pronouns which do favour variation. Bayley et al. (2002:46) propose that, in pointing signs, ‘‘. . .the indexical function is car-
ried by the tips of the ﬁngers, regardless of the handshape used. In nonindexical lexical signs, however, the whole handshape
carries part of the semantic load. The handshape in this class is the most likely to be the citation form.’’ The BSL data appears
partly to support this claim, in which most pointing signs favour variation compared to most non-pointing lexical items
favouring citation forms.
6.1.3. Grammatical category
The inﬂuence of grammatical category on 1 handshape variation was considered together with indexicality for each of the
statistical analyses performed here. Within these analyses, it is possible to see a division between content and functional
signs. In the main statistical analysis, functional signs such as the ﬁrst, second and third person singular pronouns and deter-
miners all strongly favour handshape variation. In contrast, all signs explicitly identiﬁed as content signs (i.e., nouns, verbs,
adjectives, adverbs) consistently favoured use of the 1 handshape. The fact that locative points also appear to favour the 1
handshape reﬂects the fact that locative points may have an adverbial function (e.g., meaning ‘there’ or ‘here’). However, wh-
signs, plural pronouns and other functors (e.g., BUT) appear not to follow this pattern with wh-signs weakly favouring the 1
handshape, followed by plural pronominals and other functors (in fact, other functors favoured the 1 handshape more
strongly than adverbs and adjectives).
It is important to consider the ﬁnding that singular pronouns and determiners strongly favour variation together with the
fact that the immediate phonological environment plays an important role in conditioning this variation. These combined
factors lend support to observations within a number of sign languages that the handshape of pronouns, which are typically
unstressed, frequently assimilates to that of a neighbouring lexical sign (see Sandler and Lillo-Martin, 2006) which has been
argued to be due to cliticisation (Sandler, 1999). Cliticisation is also a likely explanation for assimilation patterns with deter-
miners which are in a syntactically weak position. This may explain why locative points, if they differed in their syntactic
distribution, patterned differently to pronouns and determiners in the main analysis. Although further research is required,
one might also speculate that our results reﬂect language change in progress where pronouns or determiners are forming
constructions with highly frequent nouns, verbs or other lexical items in grammaticalisation processes, much in the same
way as has been reported for spoken languages such as English (e.g., how frequent constructions such as ‘let us’ has led
to the ﬁrst person plural pronoun being cliticised in ‘let’s’ and that this construction has led to the formation of a single word
‘lets’) (Hopper and Traugott, 2003).
6.1.4. The sign language lexicon and gesture
The ﬁndings from this study have implications for our understanding of the sign language lexicon, in particular the role of
gesture within the lexicon. Following Brentari and Padden (2001), signs belonging to the native component of the lexicon can
be divided into core (or frozen) lexicalised signs (i.e., signs that have a consistent form and meaning relationship and abide
by a set of phonological constraints) and non-core signs (i.e., signs that have their roots in gesture and are only partly spec-
iﬁed in one or more but not all of the phonological parameters). Pointing signs represent an important part of the non-core
native lexicon since they are only lexically speciﬁed for handshape. Given that the 2084 tokens analysed in this study can be
clearly divided into core and non-core signs with the latter consisting solely of pointing signs, one can see that there is an
overall tendency for signs from the non-core component of the sign language lexicon to strongly favour variation. Therefore,
the fact that pointing signs pattern differently to signs belonging to other components of the sign language lexicon (e.g., the
core lexicon) suggests that they have different underlying phonological properties to these signs (as proposed in Brentari and
Padden, 2001). On closer inspection, however, locative points and plural pronominals appear not to follow this pattern since
both categories of pointing signs differ from other pointing signs by disfavouring handshape variation. This inconsistency can
be partly reconciled with the division suggested here by arguing that plural pronominals are more lexicalised than other
types of pointing (see Section 6.4) and therefore may be expected to behave similarly to core lexical signs. However, this
explanation cannot be equally extended to locative points.
One way to further understand the nature of locative points and their position within the sign language lexicon (partic-
ularly in relation to other uses of pointing) is by comparing them with locative pointing in gesture by non-signers. In Sec-
tion 2.4, we demonstrated this approach by comparing the ﬁndings of Cooperrider (2011) and Bayley et al. (2002) with
respect to ﬁrst person pronouns and found that a higher rate of variation can be seen in gestural ‘self-points’ (with or without
thumb extension) (90%) when compared to ﬁrst person pronouns in ASL (52%). Interestingly, the rate of variation in ﬁrst per-
son pronouns in BSL (60%) is similar to that observed in ASL and lends further support to the claim that ﬁrst person points in
signed languages are more lexicalised (at least for handshape) when compared to self-points in gesture (Meier, 1990; Meier
and Lillo-Martin, 2010). Returning to locative signs, we do not have similar comparative data available to draw a comparison
with locative points in gesture (nor do we have comparative data for other pointing types). Whilst descriptive accounts have
demonstrated similar patterns in orientation in locative versus personal points in spoken co-speech gesture (Kendon and
Versante, 2003), further research is needed that quantitatively outlines handshape and orientation variation in gesture by
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minals and where they exist within the sign language lexicon. It may be that, as noted above in Section 6.1.3, locative signs
simply block handshape/orientation assimilation effects (due to appearing in stressed positions unlike singular pronominals
and determiners) but that this does not affect their position in the non-core lexicon.
6.1.5. Lexical frequency
Using data from a separate lexical frequency study based on BSL (Cormier et al., 2011), the top 5 most frequent signs that
have the 1 handshape as its citation form were identiﬁed. The signs identiﬁed were PT:PRO1, PT:PRO3, PT:PRO2, PT:DET (a pointing
sign that functioned as a determiner), and PT:LOC (a locative pointing sign). These signs represented 51% of our dataset. When
we compared the likelihood that these signs would exhibit handshape variation over all the other 87 signs in our data, we
found that handshape variation was signiﬁcantly more likely in these 5 signs. This ﬁnding indicates that frequency is an
important factor to consider when investigating phonological variation. This is supported by similar ﬁndings in another
study looking at phonological variation in the location parameter in Auslan and NZSL (Schembri et al., 2009). This study
found that lowering (in signs produced at the forehead in citation form) was signiﬁcantly more likely to be seen in highly
frequent verbs than other sign types. Despite a dearth of sign language studies that consider the effect of frequency on pho-
nological variation, the location variation study reported by Schembri et al. (2009) on Auslan and NZSL and the results from
the current 1 handshape study on BSL provide important evidence that underscore its importance, in line with similar claims
made for spoken languages (e.g., Guy, 2007). Frequency was not considered as a factor in the ASL study, however, and it is
likely that similar frequency effects like those we have observed here may be at work. The three signs that form the majority
of the ASL dataset (i.e., PT:PRO1, PT:PRO2, and PT:PRO3 which account for 57% of their data) were also identiﬁed as the most fre-
quent signs (PT:PRO2 and PT:PRO3 were collapsed into a single category representing non-ﬁrst pronominals) in a small-scale lex-
ical frequency study based on 4111 signs from ASL (Morford and MacFarlane, 2003).5
6.2. Social factors
Bayley et al. (2002) reported that a number of social factors could be linked to variation in the 1 handshape in ASL. These
factors include region, age, language background, social class, and ethnicity (gender was not found to be signiﬁcant). Their
results can be viewed according to two regional groupings with signers from California, Kansas/Missouri, Louisiana and Mas-
sachusetts all using signiﬁcantly more citation forms and signers from Maryland, Virginia and Washington using signiﬁ-
cantly fewer citation forms. Within the two groups, it was suggested that handshape variation could be linked to the
remaining social factors. For example, younger signers from California, Kansas/Missouri, Louisiana and Massachusetts used
signiﬁcantly more citation forms whilst older signers did not. In contrast, this complex patterning regarding social factors
and 1 handshape variation was not observed in the BSL study reported here. We found that region was signiﬁcant in the
main analysis. Signers from Cardiff, Belfast and Bristol were more likely to use non-citation forms than signers in Manches-
ter, Birmingham, Glasgow, and London.6 Region was also found to be signiﬁcant in the analysis of variation linked to the 5 var-
iant. Signers from Cardiff, Bristol, Belfast, London, and Glasgow were more likely to use the 5 variant with signers from
Manchester and Birmingham more likely to use some other handshape. Age, gender, ethnicity, language background and social
class were not signiﬁcant factors in any of the analyses reported here. Previous studies on sociolinguistic variation in BSL have
highlighted regional variation at the lexical level alone (e.g., Stamp et al., in press; Sutton-Spence et al., 1990) so this is the ﬁrst
study to suggest that these social factors may also be relevant for variation at the phonological level in BSL. The dissimilarity
between the ASL and BSL studies may be attributed to differences in research design. For the BSL study, we adopted a ‘three
strikes’ approach to coding. That is, if we saw the same three signs within the 10 tokens allocated to each participant, we ig-
nored all subsequent tokens of the same sign and sought other signs using the 1 handshape instead. In doing so, we were able
to ensure that the 2084 tokens collected were not biased towards a particular sign type. For example, PT:PRO1 represents 39% of
the ASL dataset and only 18% of the BSL dataset. Additionally, this also ensured that tokens were more evenly distributed across
grammatical categories than the ASL study (although our approach still shows a strong bias towards pointing signs in general).
It is not clear from the ASL study how likely it is that an individual lexical item (in this case PT:PRO1) might have had an effect on
handshape variation in the ASL study: what might appear to be a complex picture regarding social factors may, in fact, have an
underlying cause in individual lexical items. These effects might then disappear (or be reduced considerably) should one take
into account lexical item as a random effect in a mixed effects model, as we have done here. In theory, one could argue that this
point extends to the linguistic factors also reported as signiﬁcant in the ASL study. However, the fact that we ﬁnd similar lin-
guistic factors to be signiﬁcant (e.g., grammatical category and features of the immediate phonological environment) lends
some support to the idea that these linguistic factors may have an effect on 1 handshape variation across unrelated sign
languages.5 Large corpora are needed in order for lexical frequency studies to be conducted, such as those on Auslan (Johnston, 2012) and BSL (Cormier et al., 2011).
6 It is unclear whether the regional differences found in the current study (or indeed whether the range of signiﬁcant social factors found in phonological
variation in other studies such as Bayley et al. (2002) and Schembri et al. (2009) can be considered to be instances of ’accents’ in the sense of sociophonetic
variation found in spoken languages. Foulkes and Docherty (2006) note that ‘‘the interweaving of sociophonetic and linguistic information in speech is so
complete that no natural human utterance can offer linguistic information without simultaneously indexing one or more social factor’’ (p. 419). It is unlikely
that sociophonetic information is as pervasive in signed languages but this warrants further research.
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The results from this study provide empirical support to earlier claims made about the systematic variation in the orien-
tation of non-ﬁrst pronominal and locative points. That is, researchers have claimed that pronominal points are typically
articulated with a vertical (or lateral) orientation and locative points are articulated with a horizontal (or prone) orientation.
These claims have been made for Kata Kolok (de Vos, 2008), Danish Sign Language (Engberg-Pederson, 2003), and Sign Lan-
guage of the Netherlands (Nederlandse Gebarentaal, NGT) (van der Kooij et al., 2006), although the NGT study reports that a
horizontal orientation is used to localise referents while a variable palm orientation is reported for pointing signs that refer
to previously established referents. The ﬁndings from the current study indicate that pronominal and locative points point-
ing signs in BSL do display systematic variation in orientation with non-ﬁrst pronominal pointing signs favouring a vertical
(or lateral) orientation and locative points favouring a horizontal (or prone orientation). We also found that non-ﬁrst plural
points differ from non-ﬁrst singular points with the former favouring a horizontal orientation. We considered whether other
linguistic factors (e.g., the orientation of the preceding and following sign) and social factors (e.g., age, ethnicity, language
background, and region) might inﬂuence the variation observed in non-ﬁrst pronominal and locative points but no signiﬁ-
cant effects were found. That is, it appears from our analysis that variation in the orientation of non-ﬁrst pronominal and
locative points are conditioned by the function of the pointing sign alone. Whilst our ﬁndings lend strong support to previous
claims in the sign language literature, it is worth remembering that these results show only an overall tendency for non-ﬁrst
pronominal and locative points to favour a speciﬁc orientation. In other words, whilst we may expect non-ﬁrst pronominals
to exhibit a vertical orientation and locatives to exhibit a horizontal orientation, not all of them do so. Further analysis of
these pointing signs, perhaps to investigate further the claims made by van der Kooij et al. (2006) that variation in orienta-
tion may be linked to the introduction of a new location to the discourse, together with comparisons with pointing gestures
used by non-signers, will shed further light on palm orientation in pointing signs.
6.4. Singular versus plural pronominal signs
The current study has shown that overall pronominal signs disfavour citation form compared to lexical signs which fa-
vour the 1 handshape in citation form. Additionally, pronominal signs overall favour lateral palm orientation compared to
locative pointing signs. However, these patterns only apply to singular pronominal signs. Plural pronominal signs patterned
more like lexical signs (in terms of handshape) and locative points (in terms of orientation) and not like singular pronominal
signs. These differences between singular and plural pronominal signs are consistent with previous research showing that
plural pronouns (in ASL and BSL) are less indexic than singular pronouns – that is, plurals point towards the location(s) asso-
ciated with their referents less than singulars do (Cormier, 2002, 2007). The fact that plural pronominal signs in this study
differed signiﬁcantly from singulars both in terms of handshape and orientation suggests that it may be better not to con-
sider plural pronominal signs to be pointing signs, at least not to the same extent that singular pronominal signs are,
although comparative work on pointing gestures used by non-signers is important here.7. Conclusion
The results of this study indicate that, as in ASL, variation in the 1 handshape is systematically constrained by a range of
linguistic and social factors in BSL. Unlike in ASL, however, we ﬁnd that, apart from the effects of lexical items and individual
signer, the surrounding phonological environment is the most signiﬁcant factor predicting whether a 1 handshape sign will
appear in citation form or not, although grammatical function and indexicality are also signiﬁcant factors conditioning this
variation. We ﬁnd relatively less inﬂuence from social factors than was reported for ASL, with only regional differences turn-
ing out to be signiﬁcant overall. These differing results between ASL and BSL may reﬂect differences in the social structure,
history and language attitudes in the different deaf communities, and/or they may partly be the result of different method-
ological approaches to the study of phonological variation in handshape. Lastly, our ﬁndings suggest a role for lexical fre-
quency working in tandem with grammatical function and also with indexicality. It is clear that future studies on
phonological variation in sign languages need to take all three of these factors into account.
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